The high-temperature fatigue properties of an Alloy 718 were investigated up to 10 7 cycles. Combined with the data for base metals and welded joints, the relationship between stress amplitude and number of cycles to failure (fatigue life) was characterized by two steps in the S-N curve. The fracture mechanisms were different between high and low stress levels. At high stress levels, fatigue fractures initiated from the specimen surface, whereas at low stress levels, the initiation was inside the surface. The internal fracture initiation sites were crystallographic flat facets of austenitic grains.
Introduction
Nickel-base Alloy 718 is widely used as a heat-resisting structural material, since it has high-temperature strength properties in addition to excellent workability and welding properties. 1) In a previously study, 2) the high-temperature fatigue properties of Alloy 718 were investigated in the range between 10 2 cycles and 10 7 cycles of fatigue life. In the region under 10 5 cycles, fatigue fractures were initiated from the specimen surface, while in the region over 10 5 cycles, fractures were initiated inside the specimen surfaces.
In this study, the authors investigated the fatigue properties of welded joints of the Alloy 718. The obtained S-N curve was characterized by two steps, which we attribute to the difference in fracture mechanisms between the low-and high-cycle regions.
Experimental Procedures

Materials
The materials used were two types of Alloy 718 (round bars and plates), 2, 3) whose chemical compositions are shown in Table 1 . The chemical compositions are almost the same but the grain sizes are different due to their heat treatment conditions, as shown in Table 2 . The mean grain size was approximately 10 mm for the round bars (designated finegrain alloy) and approximately 100 mm for the plates (designated coarse-grain alloy), respectively.
2,3)
The welded joints for the plate material were manufactured using electronic beam welding (EBW) and tungsten inert gas arc welding (TIG). After welding, post-weld heat treatment (PWHT) was conducted under the conditions listed in Table 2 . The hardness of the welded metals was almost the same as that of the base metals, since the aging treatments were carried out after the welding. The Vickers hardness was approximately 430 Hv at room temperature.
Tensile and fatigue specimens were machined perpendicularly to the welded line. Longitudinal sections of the specimens are shown in Fig. 1 .
The tensile properties of the base metals 2) and the welded joints are shown in Table 3 . The tensile properties showed no notable difference between the base metals and the EBW or TIG welded joints.
Fatigue testing procedures
Fatigue tests were conducted using a servo-hydraulic fatigue-testing machine. The load-controlled wave shape was sinusoidal under a stress ratio of À1. The frequency was 10 Hz. Most of the test temperatures were 873 K, but was 823 K for the fine-grain alloy. Strain control tests up to 10 5 cycles were conducted on only the fine-grain alloy. The specimens were smooth cylinders with a diameter of 3 mm and parallel length 13 mm. Surface finishing was performed by longitudinal polishing with 600-grade silicon carbide paper. Figure 2 shows the fatigue lives of the base metals (the fine-and coarse-grain alloys) and welded joints. The Y-axis was normalized stress amplitude, a = B , where the stress amplitude ( a ) was divided by tensile strength ( B ).
Results and Discussion
In the base metals, fatigue cracks were initiated from the specimen surfaces between 10 2 cycles and 10 4 cycles. 2) On the other hand, between 10 5 cycles and 10 7 cycles, fatigue cracks were initiated from facets inside the specimen surfaces in both alloys. Data points with slashes (/) in Fig. 2 denote internal fractures.
The stresses for the fine-and coarse-grain alloys are almost the same up to 10 4 cycles. However, the stresses decrease over 10 4 cycles depending on the grain size, since the internal fracture initiation sites were crystallographic flat facets of austenitic grains. 2) For the EBW joints, fatigue cracks initiated from the specimen surfaces under 10 4 cycles. At over 10 4 cycles, cracks were initiated inside the specimen. These behaviors were almost the same as for coarse grain plate material, because the welded line of EBW joints was narrow and the hardness distribution is smooth.
However, for the TIG joints, it was not clear whether the fatigue cracks were initiated from the surface of the specimen or inside the specimen, since the microstructure of the welded line was complex. The initiation sites were always the welded line because the width was about 10 mm, occupying most of the parallel part of the specimen. However, the fatigue strengths were almost the same as those for the EBW joints. Figure 3 shows the fracture surface of EBW joints fractured at 5:93 Â 10 5 cycles. The flat facets were observed clearly as initiation sites of fatigue cracks. Figure 4 shows the fracture surface of a TIG joint fractured at 9:93 Â 10 4 cycles. The flat facets were not as clear as EBW joints because the initiation site comprised welded metals and the microstructure was complex. However, the fatigue strengths were almost the same for both joints.
It is well known that high-strength steels often show a twostepped S-N curve. 4, 5) These steps are assumed to be caused by a change in the fatigue fracture mechanism: that is, surface fractures occur in the low-cycle region, and internal fractures occur from non-metallic inclusions in the high-cycle region. In this study, Alloy 718 showed the same two-stepped S-N curve that depended on the fracture mechanism of the welded joints as well as the base metals.
Conclusions
The high-temperature fatigue properties of Alloy 718 were investigated. Our resultant conclusions are:
(1) Fatigue cracks were initiated from the specimen surfaces under higher stress amplitude levels corresponding to 10 4 cycles in life, while the cracks were initiated inside the surfaces over 10 4 cycles. (2) The Alloy 718 showed a two-stepped S-N curve for welded joints as well as the base metals. We attribute these steps to the change in fracture mechanisms between the high and low stress amplitude levels.
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